








a development board with an embedded PC 


An embedded PC in a DIL package forms the core of the Mini Webserver. 
In this first instalment, we introduce an evaluation board for this controller 
and show how to use it. Following this, you will be in a position to control 
any equipment that you wish via the Internet or an Ethernet network. 





68 


sometimes, a passionate electronic 
hobbyist can get the impression that 
modern-day electronics can no 
longer be implemented in DIY form. 
The microcontroller has too many 
pins, loading software into the DSP 
requires professional programming 
equipment with a matching price, 
the passive components are so small 
that you need a loupe to see what 
you're working with and soldering 
them with a normal iron is hopeless, 
and finally, not everyone is equipped 
to make multilayer circuit boards. 
However, things do not have to 
always be this difficult, and the Mini 
Webserver presented here is proof of 
this. This small, easily built circuit, 
which allows you to communicate 
with a piece of electronic equipment 
remotely (as far as the Internet 
reaches...), is the very latest thing 
and (not yet) a mass-produced 
industrial product that you can pur- 
chase for a few Euros in your neigh- 
bourhood telephone boutique or 
electronics shop. 

In the two previous issues of Elektor 
Electronics (May 2001 and 
July/August 2001) we gave our atten- 
tion to the fairly complicated tech- 
nologies behind communications via 
a local or Internet network. The con- 
troller of the Mini Webserver must be 
prepared to deal with a whole series 
of communications protocols. Imple- 
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COMPUTER 


Features of the 


Personal Mini Webserver 


— |6-bit 80186 CPU with 20 MHz clock 


— 512 kB RAM, 515 kB flash memory 
— RTOS with Flash data system 


— Software download via RS232 or Ethernet 

— Protocols: TCP/IP PPP HTTP FTP Telnet, POP3, SMTP ICMP and DHCP 

— Modem connection: PPP via 9-way Sub-D connector 

— Ethernet: lOBaseT with PHY via RJ45 socket 

— Terminal connection: fast serial port with RS323 (RXD, TXD, CTS, RTS) via 9- 


way Sub-D connector 


— P.C bus (master) via 6-way mini-DIN socket 


— Watchdog 
— 2 timer outputs, 2 timer inputs 


— Power fail detection (NMI) with data saving 


— Intel-compatible multifunctional A/D bus 


— [6 digital inputs 
— [6 digital outputs 
— Direct LCD connection 


— Addressable expansion connection (A/D bus, I2C bus, interrupt, ALE and 


RD/WR) 


menting TCI/IP HTTP FTP SMPT, an 
operating system and so on in a 
microcontroller is not a trivial task. 
Fortunately, a few commercially avail- 
able microcontrollers have the neces- 
sary functions already ‘on chip’ or at 
least packaged into a small supple- 
mentary module, so we do not have 
to worry about the network side of 
the server and can concentrate fully 
on the application circuit. 

This is precisely the purpose and 
objective of the hardware presented 
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here. It has primarily been designed 
as a development system, so it pro- 
vides access to all available inter- 
faces and ports of the microcontroller 
that is employed via sockets and 
headers. Naturally, the development 
board can also be used as a proto- 
type by installing only the necessary 
components, if enough space is 
available in the application device. 

There is a connector on the circuit 
board that can be used to attach 
the application device or an exten- 


8 Bit Address-/Databus 


AD[0..7], ALE 
A[0..2], RD#, WR# 


INT[0,2..4], INTA# 


10Base-T 


domm TPTX+, TPTX- 
TPRX+, TPRX- 


Link/Traffic LED 


TxD[0..1], RxD[O..1] 
CTS[0..1], RTS[O..1] 
ENRXO, RTRO 


DRQ[O..1] 


Programmable I/O 
PIO[0..13] 
PCS[0..3,5..6] 
TMRIN[O..1] 
TMROUT[O..1] 
RESET#, NMI 
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Figure |. Block diagram of the IPC@CHIP SC 12 single-chip PC. 
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CPU Functions 


— Multiplexed address/data bus (8 bits) 

— 6 programmable chip selects 

— 6 interrupt-capable inputs 

— An external interrupt controller can be 
connected 

— Two-stage hardware watchdog 

— 3 timers 

— 2 fast counter inputs 

— 2 fast counter outputs 

— 2 DMA controllers 

— |0BaseT interface 

— 2 asynchronous serial interfaces 

— | serial synchronous interface (SSI) 

— |2C bus-master capable 

— Up to 14 programmable I/O pins 

— Reset/Power Fail (NMI) generator 


sion for the development board, such as D/A 
and A/D converters or additional interface 
components. 


Internet PC on a chip 


One of the few ‘embedded’ microcontrollers 
that is available to normal mortals is the 
IPC@CHIP SC12, which is made by the Beck 
company in Wetzlar, Germany. The SC12 is 
housed in a 32-pin DIL package. As can be 
seen from the block diagram in Figure 1, it is 
based on an 80186 processor core clocked at 
20 MHz and has 512 kB each of DRAM and 
flash memory. This basic configuration is com- 
plemented by service functions such as serial 
communications via a UART, an I?C interface, 
a direct bus interface and 64 kB of memory. 
The SC12 supports Ethernet communications 
(10BaseT) via twisted-pair cable using Medial 
Access Controls (MAC) per IEEE 802.3. 

The SC12 conforms to an ISA architecture 
that is modified in a few points, with no ISA 
bus and no video interface. The programming 
of the serial ports, DMA, PIC and timer is also 
different from that of a standard IBM PC. 
The most important CPU functions are listed 
in the box. In addition to this hardware, there 
is an integrated operating system called 
RTOS, whose similarity to DOS gives it a 
familiar appearance. 

Beck justifiably calls the result a 'single-chip 
PC' that is compatible with all development 
tools and applications for 80C186 microcon- 
trollers. This means that anyone who has 
already programmed such a microcontroller 
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in C, Pascal or assembly language will have 
no problems with the SC12. That is very 
encouraging, since development tools for the 
80186 and a DOS-compatible operating sys- 
tem are like sand on the seashore - inexpen- 
sive and massively available. 

Should you nonetheless not succeed in get- 
ting a functional program up and running, 
you can obtain help from numerous sample 
applications and programs (with source code) 
for the basic functions of the SC12 that are 
available from the websites of Beck and Elek- 
tor Electronics. 

Naturally, such a high-tech component does- 
n't exactly come cheap. The price of the SC12 
(May 2001) is 66 Euros, and a Borland C com- 
piler can be obtained for 49 Euros if pur- 
chased together with the controller. Finally, 
you will need an additional 25 Euros (approx. 
£16) for a single-user runtime license for the 
RTOS operating system with multitasking 
DOS, TCP/IP stack, Webserver with CGI 
interface, FTP server, Telnet server and an 
API for programming in C, although the last 
of these is only needed for professional appli- 
cations. In light of the relatively small amount 
of hardware and software that you have to 
provide yourself and the possibilities that 
such a high-performance mini webserver 
offers, this is certainly an acceptable price for 
the user. The product range of Beck also 
includes a small development board (part 
designation DK40), which however only has 
TTL interfaces (with RJ12/45 sockets) and 
eight buffered I/O connections. 


Busses and interfaces 


The SC12 is not inseparably linked to the 
hardware of the development board. You are 
not absolutely required to configure a serial 
port as a terminal port (TxDO, RxDO) for 
debugging purposes. You can also do without 
a modem connection if your application will 
exclusively employ the Ethernet. In the latter 
case, the second serial interface also 
becomes free. 

On the application side, there are many port 
connections of the SC12 that have multiple 
functions. If you do not need an I2C bus, for 
example, you can freely program the corre- 
sponding port leads or use them as interrupt 
Sources. 

All of these considerations are arguments for 
taking a closer look at the functions of the 
individual pins. Figure 2 shows the pin 
assignments of the SC12, with numerous dou- 
ble and triple functions. 


Address/Data bus 


The first thing that catches our attention is 
the synchronous, level-sensitive multiplexed 
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PIO7 / RXDO 

PIO8 / TXDO 

PIO9 / ENRXO / CTSO 
PIO10 / RTRO / RTSO 
PIO11 / TXD1 

PIO12 / INT3 / RXD1 
PIO13 / INTO / TMROUTO 


EE 
2 
4| 
5 
6 
8| 
9| 
[10 
[11 
[12 
13| 
14| 
15| 
16 





VCC 

I2CCLK / MSCK / DRQ1 / INT6 / PIOO 
I2CDAT / MISO / DRQO / INT5 / PIO1 

A2 | PCS6# / PIO2 

A1 / PCS5# / TMRIN1 / TMROUT1 / PIO3 
A0 / PCS1# / TMRINO / PlO4 

RTS1# / MOSI / PCS3# / INT4 / PIOS 
CTS1# / MEN / PCS2# / INT2 / INTA#/ PIOG 
ALE / PCSO# 


TPTX+ 


RESET# / NMI / LINK LED 
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Figure 2. Many of the pins of the SC 12 are multifunctional. 


address and data bus (ADO-AD)). 
The lower eight bits of the address 
appear on this bus in the first period 
of the bus cycle, followed by three 
periods of data. The address phase 
can be suppressed. 

The address bus is completed by the 
non-multiplexed, synchronous 
address outputs A0-A2. These 
address bits are valid one half of a 
clock period prior to ADO-AD7. 

A rising edge on the synchronous 
ALE (Address Latch Enable) output 
indicates a valid address on the com- 


SC12 
Memory 


FFFFFh 
Firmware 
256Kbyte ROM 
Flash Disk 
256Kbyte 
,90000h 
7FFFFh 
Working Memory 
512Kbyte RAM 
00000h 





bined address/data bus, WR and RD 
enable write and read cycles. 


Programmable I/O pins 


The 14 pins PIOO-PIO13 are syn- 
chronous open-drain port lines, 
whose function, direction and active 
level attributes are programmable. 
Certain settings are predefined fol- 
lowing the power-on reset, and must 
be reconfigured afterwards by soft- 
ware as necessary to obtain the 
desired settings. 


Programmable chip selects 


I/O map 

Internal Register | FFFFh 
| | FFOOh 

| ! 
| ! O6FFh 
PCS6# 0600h 
O5FFh 
PCS5S# 0500h 
O4FFh 
Ethernet MAC 0400h 
O3FFh 
O2FFh 
PCS2# 0200h 
PCS1# O1FFh 
0100h 
PCSO# OOFFh 
0000h 
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Figure 3. The memory configuration and memory-mapped |/O base addresses. 
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The synchronous selection outputs 
PCSO-PCS6 steer I/O accesses to the 
peripheral memory ICs. The PCS out- 
puts work together with the multi- 
plexed A/D address bus. 


Interrupts and timers 


Pins INTO, INT2, INT3 and INT4 rep- 
resent maskable asynchronous inter- 
rupt inputs. If an interrupt signal 
appears at an unmasked input, the 
program is interrupted in favour of 
the routine that is pointed to by the 
corresponding interrupt vector. Inter- 
rupts are synchronised internally 
and can be level or edge triggered. 
INT1 works for the Ethernet MAC 
and is not available for external use. 
If INTO is working in cascade mode, 
which means that several interrupt 
Sources are connected via a priority 
encoder, the INT2 input changes into 
the synchronous INTA output. If 
INTA is active, the hardware must 
place an 8-bit value on the data bus 
so that the controller can identify the 
source of the interrupt. 

The microcontroller has two internal 
timers that can be externally 
accessed via the TMRINO and 
TMRIN1 inputs. Following internal 
synchronisation, each positive edge 
on TMRIN increments the corre- 
sponding counter. If it is not used, 
TMRIN must be externally con- 
nected to a High level. 

The timer outputs TMROUTO and 
TMROUT1 provide either single 
pulses or a continuous pulse train 
with a programmable duty cycle. 
The latter type of signal results from 
an internal combination of two inter- 
rupt and timer inputs in PWD (Pulse 
Width Demodulator) mode. PWD dri- 
ves TMRINO and INT2 and the 
inverted TMRIN1 and INT4. If INT2 
and INT4 are enabled and the timer 
is properly configured, the duty cycle 
corresponds to the ratio between the 
two timer values. In the PWD mode, 
TMRINO, TMRIN1 and INT4 can be 
used as PIOs. If they are not used, 
they are ignored internally. 


10BaseT Ethernet interface 


The SC12 includes a complete Eth- 
ernet controller/transceiver that is 
accessible via the TPRX+ and 
TPRX- inputs and the TPTX+ and 
TPTX- outputs. The transceiver 
sends and receives signals via an 
output transformer and a twisted- 
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pair connection. A LED connected to 
LINK LED blinks dimly if an Ethernet 
connection is present and brightly 
when data traffic is present. 


Asynchronous serial ports 


The SC12 supports the full-duplex 
transfer of two asynchronous serial 
data streams with 7-9 bit data at 
transmission rates up to 115,200 
baud via pins TxDO, TxD1, RxDO and 
RxD1. Freely selectable handshaking 
is provided for each port by CT$SO, 
CTS1, RTSO, RTS1, ENRXO and RTRO. 


Direct Memory Access 


Via the DMA Request inputs DROO 
and DROIT, an external component 
can announce a data transfer via one 
of the two DMA channels. DROO is 
edge triggered and internally syn- 
chronised, while DRO1 is level sen- 
sitive. DROO is not latched and must 
remain active during the transfer. 


Inter-IC Bus 


The SC12 has an I2C interface at pins 
I2CCLK and I2CDAT. The controller 
can drive up to 127 external slaves, 
but it is always the master. 


Reset, Power Fail generator 


A level of less than 0.8 V on the 
asynchronous RESET pin immedi- 
ately interrupts all current activities, 
resets the internal memory and 
causes the CPU to jump to the reset 
address FFFFOh. If the supply volt- 
age for the system drops below 4.5 V 
or the watchdog times out, the Reset 
pin is forced to ground. 

The synchronous, edge-sensitive 
NMI (Non-Maskable Interrupt) input 
is the interrupt source with the high- 
est priority. It is completely indepen- 
dent of the interrupt controller for 
INT. A NMI request interrupts pro- 
gram execution, which jumps to the 
program location indicated by the 
NMI vector. NMI is used in combina- 
tion with the internal watchdog. 


We can complete our description of 
the connections with a summary of 
the memory configuration and the 
I/O base addresses, which are 
shown in Figure 3. 


The hardware platform 


The schematic diagram of the Mini 
Webserver in Figure 4 now lets us 
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Figure 4. The circuit diagram of the development board for the SC I 2. 


see which functions of the highly multifunc- 
tional pins of the SC12 are implemented on 
the development board. The combined multi- 
plexed data/address bus AD is demultiplexed 
by the address latch IC2. Address bits AO-A4 
are fed to an address decoder in the form of a 
GAL. Together with the chip select lines 
PCS1 and PCS5 and the read/write signals, 
the programmed logic selected the recipient 
of the data that comes after the address, 
assuming that it is present: 16 digital outputs 
buffered by IC4 and IC6, 16 digital inputs iso- 
lated by IC5 and IC7 and a two-line LC dis- 
play. The digital inputs and outputs are con- 
nected to the two headers K6 and K7, with 
the connections for each port pin always 
located opposite each other. 

The demultiplexed address A0-A7 and data 
DO-D7 are present on an expansion connec- 
tor, along with the I2C bus (SDA and SCL), 
interrupt source 0 (INTO) and the ALE sig- 
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COMPONENTS LIST 


Resistors: 


RI,R2 2470 
R3 =220Q 
R4,R5 =4kQ7 


PI = 10kQ preset 


Capacitors: 

Cl = IOnF 

C3,C8.-C18 = 100nF 
C4-C7 = |0uF I6V radial 
C2 = |00uF 16V radial 


Semiconductors: 

DI = LED, green 

IC2 = 74HCT573 

IC4,IC6 = 74HCT574 

IC3 = GALI6V8 (programmed, order 
code 010036-31) 

IC5,IC7 = 74HCT541 

IC8 =7805 
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IC9,ICIO =MAX233CPP 
ICI = IPC@CHIP SCI2 (order from 


Beck, http://www.bcl-online.de) 


Miscellaneous: 

PCI,PC2 = solder pins 

TRI = FS22-101Y4 (order from Beck, 
http://www.bcl-online.de) 

KI = 6-way Mini-DIN socket 
(female), pins at 240 degrees, PCB 
mount 

K2 = RJ45 socket (female), PCB 
mount 

K3,K4 = 9-way Sub-D plug (male), 
PCB mount, angled pins 

K5 = |4-way boxheader or pinheader 

K6,K7 = 20-way boxheader or 
pinheader 

K8 = 26-way boxheader or pinheader 

Enclosure: 

PCB, order code 010036-1 
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Figure 5. The double-sided printed circuit board is designed for ease of use. 
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nal. Selection signals for the expansion logic 
are also provided by the GAL, with separate 
signals for write (EXT WR) and read (EXT 
RD) operations. In addition, the +5 V supply 
voltage is also brought out to the expansion 
connector. 

On the other side of the SC12, everything is 
standard: the two asynchronous serial inter- 
faces for the modem and terminal are used as 
intended. Since the controller naturally pro- 
vides only TTL levels and can only handle 
such levels, two MAX233 interface convert- 
ers (similar to the MAX232 but without exter- 
nal capacitors) are provided in the form of IC9 
and IC10. These allow signals with RS232 lev- 
els to be received or transmitted via the 9- 
way sub-D connectors. Note that both of 
these interfaces are DTEs, so you must use a 
null-modem cable for the PC and a regular 1:1 
cable for the modem. 

The connection between the Ethernet con- 
troller/transceiver in the microcontroller and 
the network requires good termination of the 
differential signals and electrical isolation. 
These requirements are satisfied by R1, R2, 
C1 and the special matching transformer Tr1. 
The common pin for Reset, NMI and LINK 
LED is used to drive a LED that indicates the 
traffic on the Ethernet. 

Furthermore, we have kept in mind that there 
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are a lot of I2C fans among the read- 
ers of Elektor Electronics and have 
thus fitted the I2C interface with 
pull-up resistors and a mini-DIN 
socket (K1), so that existing Elektor 
Electronics application circuits can 
easily be plugged in. 

The supply voltage is adequately 
stabilised by a simple +5-V voltage 
regulator and a few decoupling 
capacitors. A mains adapter can be 
used as the power source as long as 
it can supply at least 400 mA at 9 V. If 
the connected application circuit 
must also be powered, its current 
consumption must also be figured in. 
The double-sided printed circuit 
board is laid out as befits a develop- 
ment board. Everything is easy to 
find and not crowded too closely 
together, and all the connectors are 
arranged at the edge of the board. 
You will look in vain for wire 
jumpers, SMD components and sim- 
ilar soldering specialities. 

This means that stuffing the board is 
also not a problem. All ICs can be 
mounted in sockets, as long as you 
pay attention to the polarisation (as 
with the electrolytic capacitors). 





Once you have finished the soldering 
work with a good visual inspection, 
you are ready to wait in eager antic- 
ipation for the following issue of 
Elektor Electronics, which is where 
the Mini webserver will see action 
for the first time. In the following 
instalment, you will learn how to 
work with the terminal software and 
how to set up an Ethernet connec- 
tion, an HTTP link or an FTP server. 
In addition, we well present a few 
sample application circuits that 
show how to solve certain hardware 
and software tasks. 


However, if your interest in the Mini 
Webserver is so great that it pre- 
vents you from enjoying your holi- 
days on the beach or in the moun- 
tains (or on your balcony), you 
should be able to find relief in the 
nearest Internet café. 


At http://www.bcl-online.de you can 


view a vast number of documents 
related to this topic and the SC12 
controller. 
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